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This study verified the influence of different temperatures on P. insidiosum in vitro zoosporogenesis. P. insidiosum isolates (n = 26) were submitted to zoosporogenesis and incubated at 5
• C, 15
• C, 20
• C and 37
• C (1st stage). Grass fragments were evaluated under optical microscopy at 4, 8, and 24 hours of incubation. Afterward, all isolates were incubated at 37
• C and assessed at the same periods of time (2nd stage). The development of hyphae, presence of vesicles, zoosporangia and zoospores were checked. Only the presence of short hyphae was observed at 5
• C. At 15
• C, the hyphae were either under development or elongated and two isolates produced zoospores. When the isolates were submitted to 20
• C for 4 hours, the presence of long and mycelial hyphae, vesicles, zoosporangia and zoospores was observed, which also happened at the other periods evaluated. In the second stage, the isolates which were initially at 5
• C and 15
• C evidenced long developing hyphae with the presence of vesicles, zoosporangia, and zoospores within 4 hours of incubation, and these characteristics were kept at the other evaluated periods. The isolates kept at 37
• C showed evident zoosporogenesis in the first 4 hours of evaluation. It was concluded that temperatures of 20
• C support P. insidiosum zoosporogenesis process. On the other hand, 5
• C temperatures do not kill the microorganism.
Introduction
The aquatic oomycete Pythium insidiosum is the etiological agent of pythiosis, a disease which occurs in its chronic fibrovascular form in horses 1 and, in its pyogranulomatous manifestation, in other mammalian species that inhabit tropical and subtropical areas. 1, 2 Pythiosis has been reported to affect man and animals, especially horses, in several countries. 2, 3 In humans, the disease has been predominantly reported in Thailand 4 and is thought to be endemic in horses, particularly in the Brazilian Pantanal area 3, 5 and in the State of Rio Grande do Sul, southern Brazil. 6 In these areas, the highest number of cases occurs in the hottest months of the year (spring and summer); [5] [6] [7] [8] however, equine pythiosis has also been reported in seasons with lower temperatures (fall and winter).
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P. insidiosum performs its biological cycle in stagnant water in natural environments. In these environments, the microorganism reproduces asexually, yielding infective zoospores. Susceptible hosts are infected by getting in contact with contaminated environments. In vitro studies have shown that temperature can influence P. insidiosum development. Krajaejun et al. 15 demonstrated that the oomycete mycelial growth was inhibited at 8
• C and that temperatures of 28 • C and 32
• C favored its development. However, these authors evaluated this influence on mycelial growth rather than the on the zoosporogenesis process that originates infective zoospores. This study aimed to evaluate the influence of different temperatures on P. insidiosum in vitro zoosporogenesis.
Methods

Pythium insidiosum isolates
The present study analyzed 26 P. insidiosum isolates from horses. The identification of each isolate was performed by macro-and micro-morphological characteristics and confirmed by polymerase chain reaction (PCR) and DNA sequencing, as described by Azevedo et al. 16, 17 . The induction medium final composition was 0.5 ml solution 1, 0.1 ml solution 2 and 1000 ml sterile distilled water. 12 The experiments were divided into two stages.
In the first stage, the tubes were incubated at 5
• C (group C), and 37
• C (control group). To evaluate P. insidiosum zoosporogenesis at different temperatures, grass fragments were removed from the tubes, placed between the blade and coverslip of microscope slides and evaluated under optical microscopy (10 to 20 × objective lens) at the first 4, 8, and 24 hours of incubation.
In the second stage, groups A, B, C, and Control isolates were incubated at 37
• C and retested as described in the first stage.
The following morphological parameters for isolates under zoosporogenesis were evaluated for each period: hyphae development (short, developing, long and mycelia), presence or absence of vesicles, and zoosporangia and production of zoospores (absence or presence of mobile and immobile zoospores, and their Neubauer chamber count) as described by Pereira et al. 14 and Azevedo et al. 16 At the end of the second stage, the viability of immobile zoospores of P. insidiosum isolates was checked by seeding 100 μl induction medium on 0.1% yeast agar at 37
• C for 72 hours. Table 1 and Table 2 show the results of the in vitro zoosporogenesis of 26 P. insidiosum isolates evaluated at different temperatures and different periods. At 5
Results
• C (group A), the presence of short hyphae was observed predominantly on the edges of grass fragments at all periods evaluated in the first stage of the study (Fig. 1A ). There were no vesicles, zoosporangia and zoospores at this temperature.
At 15
• C (group B), there was hyphal development (Fig. 1B) . In two P. insidiosum isolates (7.69%); long hyphae, vesicles, and zoosporangia were observed, as well as the production of zoospores in small quantities within 24 hours of incubation ( Fig. 2A) . It was evidenced that 92.31% (24/26) of the isolates submitted to 20
• C (group C) showed mycelial growth on the edges of grass fragments within the first 4 hours of evaluation. The presence of vesicles, zoosporangia and zoospores was observed (Fig. 1C) . As for zoospore count, 26.92% (7/26) of the evaluated isolates produced an average of 9.6 × 10 3 mobile zoospores/mL within this period ( Fig. 2A) .
Additionally, at the other evaluated periods (8 and 24 hours), mobile and immobile zoospores with the development of germ tubes were detected (Fig. 1D ).
In the second stage of the study, group A and B isolates showed developing as well as long hyphae with the presence of vesicles, zoosporangia and zoospores after a 4-hour incubation period, with a mean zoospore count of 0.86 × 10 3 and 2.21 × 10 3 zoospores/ml, respectively (Fig. 2B ). These characteristics were kept at the 8-and 24-hour evaluations; however, there was an increase in zoospore count (Fig. 2B) . Control group isolates showed evident zoosporogenesis in the first 4 hours of evaluation, with the presence of mobile and immobile zoospores, and a mean count of 14.5 × 10 3 zoospores/mL ( Fig. 2A) . At the end of the second stage, these isolates included many immobile zoospores (Fig. 1E ) which were nevertheless viable when their growth was evaluated in culture medium (Fig. 1F ).
Discussion
In P. insidiosum biological cycle in aquatic environments, zoosporogenesis originates zoospores, which are the infective form of this oomycete for animals and humans that inhabit marshy areas of tropical and subtropical climates. 2, 3, 9 In nature, temperature is one of the factors that directly influences P. insidiosum zoosporogenesis process. According to Miller The present study was carried out to verify the in vitro influence of temperature on the zoosporogenesis of P. insidiosum isolates from infected horses in the State of Rio Grande do Sul, Brazil, an important endemic region for equine pythiosis where cases of the disease have also been reported during the cold months of the year. In the present study, 96.15% of P. insidiosum isolates that were incubated at 37
• C (Control group) showed mycelial growth, vesicles, zoosporangia and zoospores in the first 4 hours of evaluation, which is an expected result when the oomycete is incubated at this temperature. Previous studies [12] [13] [14] evaluating the in vitro zoosporogenesis process in P. insidiosum isolates have reported that temperatures of 37
• C favor the formation of zoosporangia and zoospores. Chaiprasert et al. 13 and Mendoza et al. 21 observed the presence of encysted zoospores after one hour of incubation. Mendoza and Prendas 12 and Pereira et al. 14 showed that the asexual cycle began within 3 hours, with a zoospore production peak between 6 and 8 hours. In this study, the results at 37
• C are in agreement with those reported by these authors.
In addition, it was demonstrated that in cultures kept at 37
• C for 48 hours, in vitro asexual cycle was maintained, although a small release of mobile zoospores as well as a large amount of immobile and encysted zoospores was observed. However, the latter were viable, evidencing pure P. insidiosum cultures grown on 0.1% yeast agar. Fonseca et al. 22 demonstrated that in vitro zoosporogenesis from kunker clinical samples of horses infected by P. insidiosum also occurred within 8 to 48 hours of incubation at 37
Nevertheless, zoosporogenesis was not evaluated at different temperatures in these studies. Interestedly, when the 20 • C temperature influence was evaluated (group C), there was the formation of zoosporangia and the release of zoospores within the first four hours of incubation. It is suggested that, in nature, a 20
• C water temperature contributes to keeping the oomycete biological cycle, unlike what had been previously described by Miller and Campbell. 10 In this study, P. insidiosum isolates kept at 5
• C (group A) during the first 24 hours of incubation only showed the growth of short hyphae, with no formation of zoosporangia and zoospores. Nonetheless, isolates submitted to 37
• C for another 24 hours showed zoosporogenesis with the release of zoospores in the first 4 hours of incubation. On the other hand, when P. insidiosum isolates were incubated at 15
• C (group B), zoosporogenesis and a small number of zoospores were observed in two isolates within 24 hours of incubation. Krajaejun et al. 15 , upon testing the influence of different temperatures on mycelial growth of 13 P. insidiosum isolates on agar, observed that the temperatures of 28 • C and 32
• C favored the microorganism mycelial growth, while temperatures of 8 • C and 42 • C either inhibited or prevented its development in a 10-day incubation period. Differently from Krajaejun et al. 15 , the present study evaluated the influence of temperature on the zoosporogenesis process that originates the infective structures of the oomycete. It was shown that, although a temperature of 37
• C favored the anticipation of the asexual cycle development, the temperature of 20
• C also favored the formation and the release of zoospores in the first 4 hours of incubation. Conversely, temperatures of 5 • C and 15
• C did not kill the microorganism but rather delayed its development and the zoosporogenesis process. When the cultures maintained at these temperatures were transferred to 37
• C there was zoospore production within a few hours. Although some authors have stated that refrigeration may result in P. insidiosum death 3, 23 , the results in this study are in agreement with those by Grooters et al. 24 who, on evaluating the storage of tissues from clinical lesions of infected animals at 4
• C for 4 to 5 days, demonstrated the chances of P. insidiosum isolation increased. The influence of temperature on zoospore production by different Pythium species was evaluated by Abdelzaher et al. 11 These authors evidenced that some species were able to produce zoospores in abundance at 15
• C, and
25
• C between 4 and 6 hours of incubation. In the present study, seven P. insidiosum isolates produced zoospores at 20
• C in the first 4 hours, while two isolates were able to produce these structures within 24 hours of incubation at 15
• C.
Marcolongo-Pereira et al. 6 suggested that environment temperatures below 30
• C may favor P. insidiosum zoosporogenesis in wetlands, once several factors such as soil depth, solar irradiance, cloudiness, environment temperature, daytime and wind can influence stagnant water temperature. In addition, water has the ability to retain heat, whether on days with high solar irradiation or on cloudy or rainy days. 25 Based on in vitro results obtained, it can be inferred that at stagnant water temperatures of around 15
• C and 
